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ABST-UCT 
T h i s  r e p o r t  d e t a i l s  t h e  a n a l y s e s  and r e s u l t s  of a t es t  program t o  e s t a b l i s h  
t h e  e f f e c t s  of long-term (10 y e a r s  o r  more) c o n t a c t  of  materials w i t h  e a r t h -  
s t o r a b l e  p r o p e l l a n t s  f o r  t h e  purpose of des ign ing  chemical  p r o p u l s i o n  system 
components which can be used f o r  c u r r e n t  a s  well a s  f u t u r e  p l a n e t a r y  s p a c e c r a f t .  
Th i s  r e p o r t  covers t h e  pe r iod  from t h e  p u b l i c a t i o n  of J P L  TM 33-779 i n  1976  
through t h e  t e s t i n g  accomplished i n  1981. 
The fo l lowing  p r o p e l l a n t s  are  r e p o r t e d  h e r e i n :  hydraz ine ,  monomethyl- 
hydraz ine  and n i t r o g e n  t e t r o x i d e .  M a t e r i a l s  inc luded  t h e  fo l lowing :  aluminum 
a l l o y s ,  c o r r o s i o n  r e s i s t a n t  s tee l s  and a t i t a n i u m  a l l o y .  The r e s u l t s  of t h e  
t e s t i n g  of more t h a n  80 specimens are inc luded .  
t h e  ten-year m i l e p o s t  have been a s s i g n e d .  
M a t e r i a l  r a t i n g s  r e l a t i v e  t o  
Some ev idence  of p r o p e l l a n t  decomposi t ion was found.  Ti tanium i s  r a t e d  as  
a c c e p t a b l e  f o r  ten-year  a p p l i c a t i o n s .  Aluminum and s t a i n l e s s  steel a l l o y s  are 
a l s o  rated as a c c e p t a b l e  w i t h  few r e s t r i c t i o n s .  
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I. OBJECTIVES 
The b a s i c  o b j e c t i v e  of t h e  NASA p r o p e l l a n t f m a t e r i a l  c o m p a t i b i l i t y  program 
i s  t o  o b t a i n  d e t a i l e d  c o m p a t i b i l i t y  d a t a  f o r  p e r i o d s  up t o  10 y e a r s  o r  l o n g e r .  
Concommitant o b j e c t i v e s  are t h e  development of (1) a s t a n d a r d  test methodology, 
(2) b a s i c  p rocedures  f o r  c o m p a t i b i l i t y  t e s t i n g  and a n a l y s i s ,  and ( 3 )  a sys tem 
of r a t i n g  t h e  materials for c o m p a t i b i l i t y  i n  long-term a p p l i c a t i o n s .  
The scope of t h e  test program was e s t a b l i s h e d  t o  serve t h e  needs of long-  
term p l a n e t a r y  s p a c e c r a f t .  
chosen  as  t h e  most p r o d u c t i v e  method of de te rmining  t h e  a c c e p t a b i l i t y  of 
mater ia ls  of c o n s t r u c t i o n  f o r  chemical p r o p u l s i o n  systems. 
The " rea l - t ime exposure t e s t i n g "  approach  w a s  
The test program i s  comprehensive. Materials a r e  t e s t e d  u n s t r e s s e d  and 
s t r e s s e d  i n  each  p r o p e l l a n t .  Groups of materials are t e s t e d  i n  (1) b i m e t a l  
s e p a r a t e d ,  (2)  b i m e t a l  c o n t a c t ,  (3) welded,. ( 4 )  brazed ,  (5) p l a t e d  and 
( 6 )  c o a t e d  c o n f i g u r a t i o n s .  
p r o p e l l a n t s  t o  moni tor  t h e  behav io r  of t h e  p r o p e l l a n t  i t s e l f .  
I n  a d d i t i o n  t h e r e  are c o n t r o l  u n i t s  c o n t a i n i n g  on ly  
A summary of t h e  specimens remaining i n  s t o r a g e  is p resen ted  in.  Appendix A.  
The metals i n c l u d e  aluminum a l l o y s ,  c o r r o s i o n - r e s i s t a n t  steels and t i t a n i u m  
a l l o y .  Nonmetals i n c l u d e  f luo roca rbon  c o a t i n g  o r  g r e a s e ,  e t h y l e n e  p ropy lene  
te rpolymer  and b u t y l  rubbe r  compound elastomer.  Whenever p o s s i b l e ,  t h e s e  w e r e  
p rocured  and c e r t i f i e d  to meet m i l i t a r y  s p e c i f i c a t i o n s  o r  e q u i v a l e n t  s p e c i f  ica- 
t i o n s  used in  a e r o s p a c e  a p p l i c a t i o n s .  A d e t a i l e d  d e s c r i p t i o n  of t h e s e  is  g iven  
i n  .Ref. 1. The emphasis has been on materials a p p r o p r i a t e  t o  s m a l l  l i q u i d -  
p r o p e l l a n t  t h r u s t e r s .  Most of t h e  materials o r i g i n a l l y  p laced  i n t o  s t o r a g e  
w e r e  t h o s e  t y p i c a l l y  used i n  t h e  Viking O r b i t e r  1975 p r o p u l s i o n  system. 
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11. PRETEST ACTIVITIES 
P r e p a r a t i o n  of specimens and t h e  assembly of t h e  test  u n i t s  a r e  d e t a i l e d  
i r ~  Ref. 1. The p rccedures  used f o r  c a p s u l e  load ing  a r e  o u t l i n e d  i n  F ig .  1. The 
p r e t e s t  p r o p e l l a n t  a s s a y s  are g i v e n  i n  Appendix B.  
The t e s t  c o n t a i n e r  w a s  made of b o r o s i l i c a t e  g l a s s  ("Pyrex"). The d e s i g n  
was such  t h a t  i t  could be  comple te ly  s e a l e d  w i t h  t h e  p r o p e l l a n t  and specimen i n  
c o n t a c t  with on ly  t h e  'g lass .  I n t e r n a l  p r e s s u r e  i n  t h e  g l a s s  c a p s u l e s  i s  mon- 
i t o r e d  by a t t a c h e d  s t r a i n  gauges.  
bourdon gauge had t h e  d i sadvan tage  of p r o p e l l a n t  i n t e r a c t i o n  w i t h  gauge m a t e r i a l .  
E a r l i e r  c a p s u l e  d e s i g n s  u t i l i z i n g  an  a t t a c h e d  
Capsule loading  w a s  accomplished under  c l e a n  room c o n d i t i o n s .  The specimen 
w a s  i n s e r t e d  i n t o  t h e  c a p s u l e  and a g l a s s  t r a n s i t i o n  s e c t i o n  f u s e d  t o  t h e  
c a p s u l e  opening. 
o r  by d i s t i l l a t i o n .  The p r o p e l l a n t  was f r o z e n ;  t h e  n i t r o g e n  used t o  b l a n k e t  
t h e  p r o p e l l a n t  w a s  evacuated ,  and t h e  c a p s u l e  t i p p e d  o f f  by f u s i n g  t h e  g l a s s .  
P r o p e l l a n t  w a s  admj t t ed  e i t h e r  by t h e  u s e  of a g l a s s  s y r i n g e  
Af te r  complet ing t h e  f i n a - l  seal ,  t h e  c a p s u l e s  w i t h  specimens i n  place 
were maintained w i t h  t h e  p r o p e l l a n t  f r o z e n .  T h i s  a l lowed f o r  s a f e r  handl ing  
and sh ipping ,  and a l s o  i n h i b i t e d  any premature  chemica l  r e a c t i o n .  The 
c a p s u l e s  were shipped t o  ETS and p laced  i n  s t o r a g e  i n  a s p e c i a l  test  f a c i l i t y  
he ld  a t  a c o n s t a n t  t empera tu re  of 43' - + 1 " C  (110 - +2"F). 
Under the g e n e r a l  program p l a n ,  a few t es t  units w e r e  d u e , t o  be  removed 
semiannual ly  f o r  p o s t t e s t  a n a l y s i s .  However , t h i s  s chedu le  w a s  n o t  adhered  
t o ,  and capsu le s  were removed on a n  I r r e g u l a r  b a s i s .  The c r i t e r i a  for removal 
from test  were (1) t o  o b t a i n  p e r i o d i c  d a t a  p o i n t s  f o r  ce r t a in ,  wide ly  used 
metals, e .g . ,  CRES 3 0 4 L ,  ( 2 )  t o  a n a l y z e  t h o s e  eest  u n i t s  i n  which t h e  p r o p e l l a n t  
w a s  d i s c o l o r e d ,  t he reby  i n d i c a t i n g  a h igh  d e g r e e  of  c o r r o s i o n ,  and ( 3 )  t o  remove 
from test f o r  s a f e t y  r e a s o n s  t h o s e  u n i t s  i n d i c a t i n g  p r e s s u r e s  g r e a t e r  t h a n  
34.4N/cm2(50 p s i a ) .  
s t r a i n  gauges o f t e n  gave  s p u r i o u s  r e s u l t s ,  e s p e c i a l l y  a s  they  aged .  
The l a s t  c r i t e r i o n  proved u n s a t i s f a c t o r y  because  t h e  
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111. POSTTEST ANALYSIS 
Since  t h e  p u b l i c a t i o n  of R e f .  1 i n  1976 a c o n s i d e r a b l e  number of test  
c a p s u l e s  have been s u b j e c t e d  t o  p o s t t e s t  a n a l y s i s .  Naterial e v a l u a t i o n  and 
p r o p e l l a n t  c h a r a c t e r i z a t i o n  have been accomplished w i t h  more t h a n  80 test u n i t s .  
The r e s u l t s  of t h e s e  a n a l y s e s  are inc luded  i n  t h i s  r e p o r t  and i n  Appendix C .  
The p rev ious ly  pub l i shed  r e p o r t  was p r i m a r i l y  d i r e c t e d  toward t h e  i n v e s t i g a t i o n  
of f u e l s  (hydraz ine ,  MMH and hydraz ine-hydraz ine  n i t r a t e ) .  The p r e s e n t  r e p o r t  
i n c l u d e s  t h e  a n a l y s e s  of 32 test u n i t s  c o n t a i n i n g  an o x i d i z e r  - n i t r o g e n  
t e t r o x i d e .  
The f u e l ,  hydraz ine-hydraz ine  n i t r a t e ,  has n o t  been inc luded  h e r e i n  because 
of problems w i t h  r a p i d  and e x c e s s i v e  c o r r o s i o n ,  p a r t i c u l a r l y  w i t h  CRES specimens,  
and t h e  r a p i d  e v o l u t i o n  of dangerous ly  h i g h  p r e s s u r e s  i n  t h e  t e s t  c a p s u l e s .  
Most of t h e s e  specimens were removed from test s t o r a g e  w i t h i n  months of t h e i r  
i n i t i a l  exposure p e r i o d .  Many exploded i n  t h e  test r ack .  A few c a p s u l e s  
con ta in ing  e i t h e r  t i t a n i u m  (6A1-4V) a l l o y  o r  aluminum a l l o y s  remain i n  t es t  b u t  
no d e c i s i o n  has  y e t  been made as t o  t h e i r  d i s p o s i t i o n .  
A. POSTTEST CHEMICAL ANALYSIS 
The p rocedures  used f o r  p o s t t e s t  chemical  a n a l y s i s  of p r o p e l l a n t s  are 
d e t a i l e d  i n  Ref.  1. An o u t l i n e  of t h e  procedure  f o r  hydraz ine  i s  shown i n  
F ig .  2;  monomethylhydrazine was t e s t e d  i n  a similar manner ( F i g . 8 ) .  The 
. procedure  f o r  n i t r o g e 5  t e t r o x i d e  i s  o u t l i n e d  i n  F ig .  4. 
The p r o p e l l a n t  was f r o z e n  by immersing t h e  c a p s u l e  i n  l i q u i d  n i t r o g e n .  
The capsu le  was p laced  i n  a n  opening f i x t u r e ,  a t t a c h e d  t o  a h igh  vacuum l i n e ,  
and then  t h e  g l a s s  t i p  was broken and t h e  noncondens ib le  g a s  removed and 
measured i n  a c a l i b r a t e d  volume. T h i s  g a s  was ana lyzed  f o r  N2, H2, and,  i n  
t h e  case of MMH, CH4. The p r o p e l l a n t  was then  thawed; hydraz ine  and MMH were 
removed from t h e  c a p s u l e  w i t h  a s y r i n g e .  Ni t rogen  t e t r o x i d e  was d i s t i l l e d  from 
t h e  capsule  in to  a preweighed g l a s s  vial. Each p r o p e l l a n t  sample was ana lyzed  
f o r  p u r i t y ,  contaminants  and d i s s o l v e d  meta ls .  
1 
R .  POSTTEST SPECIMEN ANALYSIS 
The procedures  used f o r  t h e  p o s t t e s t  a n a l y s i s  of t h e  metal specimens were 
t h e  same as t hose  d e t a i l e d  i n  Ref. 1. Each specimen was.examined t o  de t e rmine  
t h e  p h y s i c a l  or  m e t a l l u r g i c a l  changes  which had t aken  p l a c e .  S u r f a c e  c o n d i t i o n s  
were examined a t  low m a g n i f i c a t i o n s  w i t h  a n  o p t i c a l  microscope and s e l e c t e d  
s u r f a c e s  were examined a t  h ighe r  m a g n i f i c a t i o n  w i t h  a scanning  e l e c t r o n  micro-  
scope  (SEN) (Appendix D) .  F i g u r e  5 o u t l i n e s  t h e  g e n e r a l  p rocedures .  
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POST TEST 
CAPSULE 
(FROZN IN LN2) 
PUMP OFF NONCON- * DENSIBLE GASES H2+N2 - MEASURE TOTAL VOLUME H2- 
ANALYZE 
I I 
I I 
WARM CAPSULE TO 
ROOM TEMPERATURE 
OPEN BREAKER FIXTURE 
REMOVE PROELLANT 
WITH SYRINGE 
AND APPROPRIATE 1 METALLIC IONS 1 
FROM CAPSULE 
VISUAL INSPECTION 
OF PROPELLANT 
ANALYZE FOR COz, 
"3, H 2 0  
PACKAGE FOR METAL- 
LURGICAL EXAMINATION 
RINSE SPECIMEN AND 
TILLED H,O 
CAPSULE WITH DIS- 
Fig. 2. Procedure for posttest  chemical analysis, hydrazine 
COMBINE PRORLLANT - AND WATER RINSINGS 
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POSTTEST CAPSULE 
(FROZEN, LN2) 
COOL CAPSULE TO LN2 TEMPERATURE 
BREAK CAPSULE TIP 
PUMP OFF NONCONOENSIBCE 
GASES N2, CH4. H2 ( IF  ANY) 
. PLACE CAPSULE IN BREAKER 
FIXTURE 
WARM TO ROOM TEMPERATURE 
EVACUATE FIXTURE 
MEASURE TOTAL VOLUME OF 
ANALYZE 
b GASES 
OPEN BREAKER FIXTURE 
REMOVE PROPELLANT WITH * 
SYRINGE 
VISUAL INSPECTION OF PROPELLANT 
ANALYZE PROPELLANT FOR 
"3, H20, UOMH, C 0 2  
I I I R I N S E  SPECIMEN AND CAPSULE WITH DISTILLED WATER 
COMBINE PROPELLANT AND WATER - ' R I N S E  
REMOVE SPECIMEN FROM CAPSULE. 
DRY AND WEIGH SPECIMEN I I 
I I ANALYZE PROPELLANT FOR METAL IONS 
I 1 VISUAL INSPECTION OF SPECIMEN 
PACKAGE SPECIMEN FOR 
METALLURGICAL EXAM1 NATION 
_ _  
Fig. 3. Procedure for posttest chemical analysis, monomethylhydrazine 
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POST TEST 
CAPSULE 
F PUMP OFF N O N C O k -  * 
DENSIBLE GAS 
R E M O V E  STRAIN GAUGE 
PLACE CAPSULE IN 
BREAKER FIXTURE 
WARM TO ROOM 
TEMPERATURE AND 
EVACUATE OVERNIGHT 
MEASURE TOTAL 
VOLUME 
ANALYZE 
I ADD 1/2 otm I 
OPEN BREAKER FIXTURE 
REMOVE CAPSULE 
RINSE SPECIMEN AND 
CAPSULE WITH DIS- 
TILLED H20 
1 
WATER RINSINGS: 
ANALYZE FOR METALLIC 
TYPE OF SPECIMEN 
. IONS APPROPRIATE TO 
I 1 
DlSTl LLATE: 
ANALYZE FOR NO, 
WARM CAPSULE TO 
ROOM TEMPERATURE 
OPEN BREAKER FIXTURE 
DISTILL INTO 
GLASS FLASK 
REMOVE SPECIMEN I FROM CAPSULE 
I DRYANDWEIGH I 
I 1 VISUAL EXAMINATION 
PACKAGE FOR METAL- 
LURG ICAL E XAMl NATION 
~ 
Fig .  4. Procedure for  posttest chemical ana lys i s ,  n i trogen tetroxide 
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METAL SPECIMEN FROM 
TEST CAPSULE 
L I  QU ID/VAPOR IN TERF ACE. 
NOTE STAINS, FILM, SPOTTING, 
SCALE, DEPOSITS, AND PITTING -7 - 
4 
PHOTOMICROGRAPHIC EXAM NATION: 
50X TO 300X 
(SEM OPTIONAL) 
DETAIL AND/OR SUBTLE CHANGES: 
CORROSION PROFIE 
LI QUlD/VAPO R INTERFACE 
DEGREE OF ETCHING 
PITTING COVERAGE SIZE 
FILM OR DEPOSIT THICKNESS 
SUBTLE EFFECTS 
' I  
I 
-4 
I 
I 
I 
1 f 1 I 
RETAIN DATA AND 
SPECIMEN ASSIGN RATING e- J 
Fig. 5 .  Procedure f o r  m e t a l l i c  specimen analysis 
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The impor t an t  o b s e r v a t i o n s  a r e  l i s t e d :  
(1) Weight. 
( 2 )  
(3 )  Presence  and d i s t r i b u t i o n  of d e p o s i t s ,  s t a i n  o r  f i l m .  
( 4 )  S t r e a k s ,  m o t t l i n g  or s p o t t i n g  of s u r f a c e s .  
(5) C r y s t a l l i n e  d e p o s i t s .  
( 6 )  Flak ing  and/or  c r a c k i n g  of f i l m s .  
( 7 )  Exten t  and l o c a t i o n  of e t ch ing .  
(8) Ex ten t  and l o c a t i o n  of p i t t i n g ,  s i z e  of p i t s .  
(9) Ex ten t  and l o c a t i o n  of cracking. 
Appearance and l o c a t i o n  of t h e  l i q u i d / v a p o r  i n t e r f a c e  boundary. 
9 
I V .  MATERIAL RATINGS 
The c r i t e r i a  f o r  t h e  de t e rmina t ion  of long-term p r o p e l l a n t / m a t e r i a l  
c o m p a t i b i l i t y  r a t i n g s  a r e  f u l l y  covered i n  Ref.  1. The g e n e r a l  scheme f o r  
determining t h e  f i n a l  r a t i n g s  i s  shown i n  Fig.  6 .  The m a t e r i a l s  r a t i n g  s y s t a n  
has  been e s t a b l i s h e d  t o  d e r i v e  eng inee r ing  in fo rma t ion  and d e s i g n  g u i d e l i n e s  
f o r  JPL t es t  programs. The system p r o v i d e s  f o r :  
(1) A b a s i s  f o r  s e l e c t i n g  s t r u c t u r a l  o r  component m a t e r i a l  c a n d i d a t e s  
based on t h e  a p p l i c a t i o n  and o p e r a t i n g  environment .  
( 2 )  A b a s i s  f o r  r a t i n g  t h e  a c c e p t a b l e  materials i n  terms of the '  b e s t  da ta  
c u r r e n t  1 y a v a i l a b l e  . 
The c l a s s i f i c a t i o n  and symbols used a r e :  
A = a c c e p t a b l e  
N = not  acceptab le  
I = incomplete  c o m p a t i b i l i t y  d a t a  w i t h  r e s p e c t  t o  c o n d i t i o n s  o r  d u r a t i o n  
of exposure  
R = r e s t r i c t e d  c o m p a t i b i l i t y  due t o  c o r r o s i o n  of m a t e r i a l s  o r  p r o p e l l a n t  
deg rada t ion  a t  c o n d i t i o n s  t h a t  could  i n f l u e n c e  t h e  mis s ion ,  component 
or  o p e r a t i n g  s p e c i f i c a t i o n s .  
A .  HYDRAZINE/MATERIALS, 10-YEAR COMPATIBILITY RATINGS 
B a s e d  upon t h e  r a t i n g  system d i s c u s s e d  i n  t h e  p rev ious  s e c t i o n ,  t h e  com- 
p a t i b i l i t y  r a t i n g s  f o r  materials i n  c o n t a c t  w i t h  hydraz ine  f o r  10 y e a r s  a t  43OC 
(110°F) a r e  summarized as fo l lows :  
Material Ra t ing  Q u a l i f i c a t i o n  
P r o p e l l a n t  o n l y  
Aluminum a l l o y s  
6061-T6, 2014-T6 
Corrosion res i s  t a n  t steel 
302 and 303 
304L, 316 ,  3 4 7 ,  17-7 
430,  4 4 6 ,  355  
35 0 
Titanium a l l o y  
6Al-4V 
A 
A 
N 
A 
N 
A 
R 
R 
F. 
I 
1 0  
I POSTTEST ANALYSIS PROPEUANT I METAL 
CONDITIONS 
(PARAMETERS1 
I I I FUEL, OXlOlZER 
' TIM 
ENV I RONNYNT 
DECOMPOSITION 
PHASE SEPARATION 
PREC I P ITAE 
DISSOLVED GASES, SOLIDS 
APPEARANCE 
COLOR, TURBIDITY 
PHYSICAL PROPERTIES 
 
TIME 
E W I R O N M N T  
CORROSION 
FORMAT1 MUS 
PITTING 
CRACKING 
MCHANICAL PROPERTIES . 
EFFECT 
(REACTION1 
RATING lOyr 
ACCEPTABI LI PI 
I i f T  
DECOMPOS ITION 
OR CHANGE 
Fig. 6 .  Materials rating system 
GENERAL 1 
LOCAL 
UNIFORM . 
NONUNIFORM 
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DEGREE 
(REACT1 ON) 
L R  (GROSS1 
IFmRhED I ATE 
MINOR (SUBTLEl 
MAJOR CGROSS, 1 
INTERMEDIATE 
MINOR (SUBTLE) 
M a t e r i a l  R a t i n g  Q u a l i f i c a t i o n  
Others  
Braze 
G o l d  p l a t e  
A 
A 
I 
I 
Polymers 
AFE-332 A I 
1. Hydrazine 
Decomposition of t h e  p r o p e l l a n t  r e s u l t e d  mainly from contaminants  i n  
s o l u t i o n  and the c a t a l y t i c  e f f e c t s  of metals, and,  g e n e r a l l y ,  the r a t e  of 
decomposition was a c c e p t a b l y  low, i . e . ,  less than  0.1% p e r  y e a r  f o r  b o t h  t h e  
MIL-P-26536B s p e c i f i c a t i o n  grade  and t h e  p u r i f i e d  hydraz ine .  The hydraz ine  
r a t i n g  i s  r e s t r i c t e d  only  i n  presence  of contaminat ion  and /o r  c a t a l y z i n g  metal 
i o n s .  
2 .  Aluminum Alloy, Type 6061-T6, 2014-T6 
During a n a l y s i s  of  t h i s  aluminum a l l o y ,  t h e  main f e a t u r e s  noted  w e r e  mod- 
erate co r ros ion  and t h e  format ion  of a s u r f a c e  f i l m ,  some of which f l a k e d  o f f .  
The f i l m  did n o t  appear  t o  c a t a l y z e  p r o p e l l a n t  decomposi t ion.  The aluminum 
a l l o y  r a t i n g  is r e s t r i c t e d  because of t h e  p o s s i b i l i t y  of ox ide  layer  f l a k i n g  and 
p lugging  f i l t e r s .  
3. Corros ion-Res is tan t  S t e e l ,  Types 302 and 303 
A l l  capsules  w i t h  t h e s e  a l l o y s  were found t o  c o n t a i n  e x c e s s i v e  p r e s s u r e .  
These CRES a l l o y s  are r a t e d  n o t  a c c e p t a b l e  because o f  e x c e s s i v e  c a t a l y s i s  o f  t h e  
p r o p e l l a n t .  
4. Corros ion-Res is tan t  S t e e l ,  T y p e s  304L, 316, 347, 17-7, 430, 476, 
355, 301 
These specimens w e r e  found t o  c o n t a i n  some random c o r r o s i o n  and d i s c r e t e  
p i t t i n g ,  with on ly  a t h i n  f i l m  formation.  A q u a n t i t y  of i r o n  w a s  t r a n s f e r r e d  t o  
t h e  s o l u t i o n ,  and t h i s  can c a t a l y z e  hydraz ine  decomposi t ion.  However, excep t  
f o r  a few anomalies ,  e . g . ,  t h e  347 weld stress and a 304L w e l d - s t r e s s ,  t h e  
hydraz ine  decomposition rates were low. These CRES a l l o y s  are r e s t r i c t e d  on ly  
because o f  p o s s i b l e  contaminat ion  problems and p o s s i b l y  a c a t a l y t i c  i n t e r a c t i o n  
i n  we, ld-s t ress  specimens.  
5 .  cor ros ion -Res i s t an t  S t e e l ,  Type AM 350 
This  a l l o y  produced unacceptab ly  h igh  leve ls  of p r o p e l l a n t  decomposi t ion and 
i s  r a t e d  not  a c c e p t a b l e .  However, t h e  r a t i n g  i s  cons ide red  incomple te  because  
of i n s u f f i c i e n t  d a t a .  
6. T i tan ium Alloy,  Type 6A1-4V 
The g e n e r a l  e f f e c t s  no ted  i n  t h i s  a l l o y  w e r e  t h e  i r r e g u l a r  fo rma t ion  of 
c o r r o s i o n  p r o d u c t s  on t h e  s u r f a c e s  - p a r t i c u l a r l y  i n  t h e  vapor  exposed area - 
and minor p i t t i n g .  
d i s s o l v e d  i n  hydraz ine ,  and t h e  c a t a l y t i c  a c t i v i t y  w a s  v e r y  l o w .  
Film bu i ldup  w a s  very t h i n .  Apparent ly  none of t h e  t i t a n i u m  
7. O the r s  
a. Braze. A 301 Cryo/304L tank-to-diaphragm weld showed no evidence  
of c o r r o s i o n ;  however, t h e  rate of p r o p e l l a n t  decomposition w a s  
0.2% p e r  y e a r .  T h i s  a l l o y  i s  g iven  an a c c e p t a b l e  r a t i n g ;  how- 
e v e r ,  t h e s e  are incomplete d a t a  because o n l y  one specimen w a s  
t e s t e d .  
b. Gold p l a t i n g .  Imper fec t ions  ( p i t t i n g  o r  p o r o s i t y )  i n  t h e  p l a t i n g  
allowed t h e  p r o p e l l a n t  t o  i n t e r a c t  w i t h  t h e  s u b s t r a t e .  T h i s  
produced nonuniform b l i s t e r s  and t o  a minor e x t e n t ,  a f f e c t e d  
t h e  bonding i n t e g r i t y  of t h e  p l a t i n g  t o  t h e  metal. The a c c e p t a b l e  
r a t i n g  i s  incomple te  because of i n s u f f i c i e n t  d a t a .  
8. Polymeric,  Type AFE 332 
No s e r i o u s  d e g r a d a t i o n  of t h i s  polymer was observed a f t e r  a th ree -yea r  
exposure ,  even i n  t h e  s t r e s s e d  c o n f i g u r a t i o n .  The a c c e p t a b l e  r a t i n g  i s  incomple te  
because d a t a  i s  l a c k i n g  f o r  10-year per iod.  
B. MONOMETHYLHYDRAZINE/MATERIALS 10-YEAR COMPATIBILITY RATINGS 
C o m p a t i b i l i t y  r a t i n g s  f o r  m a t e r i a l s  i n  c o n t a c t  w i t h  monomethylhydrazine f o r  
10 y e a r s  a t  43OC (11O0F) are summarized as fo l lows:  
Material Ra t ing  Q u a l i f i e r  
P r o p e l l a n t  on ly  A 
Aluminum a l l o y  
6 06 1- T6 A I 
C o r r o s i o n - r e s i s t a n t  s t ee l  
304L, 347 A 
Ti tan ium a l l o y  
6A1-4V A I 
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1. Monomethylhydrazine 
The rate of decomposition of this propellant in contact with any of the 
materials tested was acceptably low for the 10-year period, i.e., less than 
0.1% per year. 
2 .  Aluminum Alloy, 6061-T6 
The primary effect noted on the surface of this alloy was a very thin, 
even oxide coating which did not appear to flake. Although up to 100 ppm of 
aluminum was found to be dissolved in the propellant, no catalytic effect was 
noted. The acceptable rating is incomplete because at this point only two speci- 
mens have been tested. 
3. Corrosion-Resistant Steel, Types 304L and 347 
Both types of stainless steel alloys exhibited only minor corrosion with a 
surface film formation. Considerable iron was dissolved (100 ppm) but the 
catalytic effect was small. 
4. Titanium Alloy, Type 6A1-4V 
Corrosion of this alloy was light, but corrosion products were deposited 
in the vapor-exposed area and at the liquid-vapor interface. A small quantity 
of very fine sediment was found in a capsule that also contained chloride 
contamination. The acceptable rating is incomplete because only two specimens 
have so far been tested. 
C .  NITROGEN TETROXIDE/MATERIALS 10-YEAR COMPATIBILITY RATINGS 
Compatibility ratings, for materials in contact with nitrogen tetroxide 
MON-1 for 10 years at 43'C (110'F) are summarized as follows: 
Material Rating Qualifier 
Propellant only 
Aluminum alloy 
6061-T6 
Corrosion-resistant steel 
302,  303, 304L, 316, 321, 
347, 17-4, 17-7 
Titanium alloy 
6Al-4 V 
Nickel 
A 
A 
A 
A 
N 
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1. Ni t rogen  t e x t r o x i d e  MON-1 
Th i s  p r o p e l l a n t  w a s  found t o  be s t a b l e  when i n  c o n t a c t  w i t h  any of  t h e  
m a t e r i a l s  t e s t e d .  
2 .  Aluminum Al loy  - 6061-T6 
The pr imary  e f f e c t s  no ted  i n  t h i s  a l l o y  w e r e  c o r r o s i o n  and fo rma t ion  of a 
s u r f a c e  f i l m .  Cor ros ion  w a s  minor because of the p r o t e c r i v e  n a t u r e  of t h e  f i l m .  
The r a t i n g  of t h i s  a l l o y  i s  r e s t r i c t e d  on ly  because of t h e  p o s s i b i l i t y  of t h e  
ox ide  l a y e r  f l a k i n g  and p lugging  f i l t e r s .  
3. Cor ros ion -Res i s t an t  S tee l ,  Types  3 0 2 ,  303, 3 0 4 L ,  316, 321,  3 4 7 ,  17-4 
and 17-7 
In a l l  CRES a l l o y s ,  o n l y  v e r y  minor c o r r o s i o n  w a s  seen.  However t h e  r a t i n g  
is  r e s t r i c t e d  due t o  t h e  i r o n  n i t r a t e  d i s s o l v e d  from t h e  s u r f a c e  of t h e  m e t a l  
w i t h  p o s s i b l e  f low decay problems in c e r t a i n  a p p l i c a t i o n s .  
4 .  Ti tan ium Al loy ,  Type 6A1-4V 
Only minor c o r r o s i o n  w a s  s een  i n  t h i s  a l l o y ,  u s u a l l y  a s  a s p o t t y  grey  
appearance .  Oxide fo rma t ions  were nonuniform and showed s i g n s  of c r a c k i n g ,  b u t  
n o t  f l a k i n g .  Thin f i l m  appeared  t o  adhere t e n a c i o u s l y  and d i d  n o t  d i s s o l v e  i n  
t h e  p r o p e l l a n t .  
5. Other:  N icke l  
Extensive c o r r o s i o n  w a s  observed wi th  f l a k i n g  of t h e  ox ide  c o a t i n g  l e a v i n g  
a h e a v i l y  e t ched  s u r f a c e .  The p r o p e l l a n t  a l s o  con ta ined  d i s s o l v e d  n i c k e l .  
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V. CONCLUSI0”S 
A .  HYDRAZINE 
Under the controlled environmental conditions, and in the absence of metal 
surfaces and degrading contaminants, the rate of decomposition of hydrazine in 
these tests was determined to be 0.015% per year. In  the presence of metal 
specimens, the decomposition of hydrazine was within an order of magnitude of  
the rate of the propellant control samples, i.e., less than 0.15% per year. The 
few exceptions to this were all CRES alloys and the reasons for the greater 
rate of decomposition were not readily apparent. In general, however, none of 
the tested materials would, with few exceptions, excessively catalyze the 
decomposition of hydrazine during long-term (10-year) missions. 
B. MONOMETHYLHYDRAZINE 
The rate of decomposition of propellant, MMH, in those tests was quite 
small: 0.02 to 0.10% per year. The corrosion products of aluminum appeared to 
cause only an insignificant amount of decomposition, whereas the metal ions or 
corrosion products of CRES alloys or titanium seemed to catalyze the decomposi- 
tion somewhat more. 
The dissolved iron from CRES was higher in MMH than is generally seen in 
the hydrazine propellants, but the catalytic effect of this ferric ion was 
obviously less with MMH. Even the highest concentration of iron - 100 ppm - 
yielded a decomposition of only 1.1% in 11 years. 
materials tested would not excessively catalyze the decomposition of monomethyl- 
hydrazine during long term (10-year) missions. 
It would appea? that the 
C. NITROGEN TETROXIDE MON-1 
No evidence of propellant decomposition has been found. Given the chemical 
nature of NTO, about the only change possible would be disproportionation into 
various other oxides of  nitrogen, and this disproportionation usually requires 
more severe conditions (very much higher temperature) than were present in these 
tests. The CRES alloys, however, did provide enough dissolved iron to cause a 
possible flow decay problem in certain systems. 
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GLOSSARY OF TERMS 
AES 
CRES 
ELI 
EPT 
ETS 
FEP 
MMH 
MOK-1 
NTO 
SEM 
s IMS 
TFE 
auger electron spectroscopy 
corrosion-resistant steel 
extra-low interstitial grade 
ethylene-propylene terpolymer 
JPL Edwards Test Station 
Fluorinated ethylene-propylene polymer 
monomethylhydrazine 
mixed oxides of nitrogen (NTO with 1% NO) 
nitrogen tetroxide 
scanning electron microscope - 
secondary ionization, mass spectroscopy 
tetraf luoroethylene 
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Appendix A 
Summary of Specimens Remaining in Storage 
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OR~E;IINAB PAQP 18 
OF POOR QUALiw 
Table A-1. Specimens in hydrazine (MI L-P-265366) 
Stressed 
(stressed 
to 67% 
of yield) 
Bimetal 
contact 
Bimetal 
Eeparated Material Slug Welded Total 
304L 
316 
34 7 
430 
446 
17-4 
3 
1 
1 
1 1 1  
1 1  
1 
17-7 
355 
356-T6AI 
2014T6 
1 
1 
5 
3 1  
2 2219-T8 1 
5052 
606 1T6 
7075T6 
4 
34 2 1  5 13 I 
1 
69 
9 
6A1-4V Ti 
6AI-4V ELI 
27 
3 
2 2 14 16 
6 
Niobium 
Em- IO 
Teflon LRV-448 
2 
11 
2 
2 
2 
2 3  4 
N2H4 + 2 5 6 2 2  28 Total 28 17 56 2 4 3 2 9  4 1 2  192 1 
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Materiri Brazed 
% u rn 
301 CRY0 
304L CRES 
3 16 
446 
6Al-4V Ti 
Controls 
AFE-332 
Em- 10 
N P 4  
3 3 2 1  
Total 
2 
3 
OREIMAL PAGE I$ 
OF POOR QUALIW 
Table A-2. Specimens in purified hydrazine (VL-75) 
(stressed 
to 67% 
of ykld) Welded 
4 7 2 1 1 4  2 -  
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Total 
2 
13 
1 
5 
2 
30 
6 
4 
63 
Material 
00 0, 
a s 3 
606 1-T6 AI 
6A1-4V Ti 
2 
d 
ORI@BNAL PAGE E3 
OF POOW q'rSa4-m 
Table A-3. Specimens in hydrazine-hydrazine nitrate 
3 3 
4 3 
Bimetal 
contact 
4 12 
6 16 
5 3  i= 
5 Q 3 
1 
1 
1 1 
Stressed 
(stressed 
to 61% 
of yield) Total 
1 2 l 4  
22  
Material 
9 12 7 
303 CRES 
3ML 
3 16 
347 
6061-T6 Al 
6AI-4V Ti 
Teflon-FEP 
Teflon-TFE 
hubfH (control) 
Total 9 13 9 2 19 
Table A 4 .  Specimens in monomethylhydrarine (MI L-P-27404A) 
S t r e d  
(streed 
Bimetal to 67% 
Brazed 
2 
23 
Material 
302 CUES 
303 
304L 
3 16 
321 
34 7 
4 16 
17-4 
17-7 
5052A1 
6061T6 
7075 
6Al4VTi 
Nickel 
N2°4 
Total 
Slug 
3 
4 
4 
3 
3 
2 
3 
4 
3 
4 
2 
3 
8 
5 
51 
Table A-5. Specimens in nitrogen tetroxide (MON-1 I (MSC-PPD-2BI 
Bimetal 
contact 
1 1  
2 
2 
1 
7 3  
2 4 
a 8 7  
Stressed 
(stressed 
to 67% 
of yield) 
2 2 2  
5 ; s  
4 
16 8 
25 8 
Welded 
3 
VJ 
1 
2 
3 
2 
2 2 
4 3  
3 
L 
2 4 15 
Controls 
* 
5 
5 
Total 
6 
6 
10 
3 
7 
18 
3 
5 
5 
4 
19 
3 
35 
7 
5 
136 
24 
Appendix 0 
Retest Propellant Assays 
25 
Table B-1. Assay of hydrazine 
Constituent of property 
- 
MILP-26536Ba 
specification limits Drum H-31SSb Purified hydrazinec 
Hydrazine assay, % by weight 
Water, % by weight 
Density at 298 K (7799, & n 3  
Particulate, p g/cm 
Ammonia, % by weight 
Aniline, % by weight 
Carbon dioxide, pg/g (ppm) 
Nonvolatile residue (ash) pg/g (ppm) 
Disolved metals, pg/g (ppm) 
3 
Iron 
Aluminum 
Nickel 
Manganese 
Cobalt 
Chromium 
Copper 
zinc 
Silicon 
Magnesium 
Sodium 
Potassium 
Calcium 
Barium 
Boron 
Dissolved anions, pg/g (pprn) 
Fluoride 
Chloride 
Sulfate 
Nihate 
97.5 min 
1 5  max 
1.004 20.002 
10 rnax 
Not required 
Not required 
Not xequired 
Not required 
Not r equkd  
Not required 
98.7 
0.50 
1.004 
4.6 
0.07 
a25 
35 
60 
0.5 
0.05 
1.10 
0.35 
<a5 ND 
0.16 
0.09 
0.13 
<OS ND 
<0.01 ND 
0.20 
0.05 
0.04 
<0.2 ND 
<10 ND 
< O S  ND 
0.3 
<0.5 ND 
<0.5 ND 
99.2 
0.60 
1.004 
a5 
0.06 
ppm N D ~  
19 
<5 ND 
0.38 
<0.05 ND 
0.03 
0.04 
<0.02 ND 
0.02 
0.04 
0.01 
< 0.5 ND 
0.01 
0.06 
0.04 
cO.04 ND 
< a 2  ND 
<10 ND 
< 0.5 ND 
c 0.3 ND 
< 0.5 ND 
<a5 ND 
version of hydrazine specification in fozce at the start of proogran 
bJPL assay replaces SRI assay (Ref. 2) erroneously reported in Ref. 1. 
%artin Marietta corp. Lot NO. 5 1, JPL assay. 
%ot detectable by method of analysis used. 
26 
fable 52 .  Assay of monornethylhydrazine used in 
material compatibility test program 
MILP-2740A 
Amendment 2 Assny of 
specifurtion N2H3CH3prior 
Constituent or property limits to fJling capsula 
99.42 
Water, 96 by weight 1.5 max 0.48 
P.rticutrte,milligun la0 max 0.97 
per liter 
Density, lpuns Per 0870 to 0.874 0.872 
m m t e r  rt 77% (zOC) 
Ammonia (MI3), 46 by Not requid  a10 
27 
Table B-3. Assay of nitrogen tetroxide used in material 
compatibility test program 
MSC-PPD-2B Assay of N2O4 
Constituent or specification prior to filling 
property limits capsules 
Nitrogen tetroxide 98.50 99.36 
(Nz04) may, % by 
weight 
Nitric oxide (NO) 0.8 2 0.20 0.6 0 
assay, 5% by weight 
Water equivalent, 
% by weight 
0.10 max 0.06 
Chloride (NOCI), 0.08 rnax <0.01 ND 
assay, % by weight 
Ash, % by weight < 0.01 ND 
28 
Appendix C 
Summary of Posttest Analyses and Results 
29 
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Table C-3. Posttest analyses of hydrazine controls 
2071' 3788 1.47 a 14 ND 48 0.43 Q13 2 14 34.26 
20971 3619 1.4 1 a 14 ND 52 0.58 Q13 1.83 34.26 
2099 3633 1.63 0.17 ND _ - _  0.54 0.16 2 29 4216 
3351' 2641 263 0.14 ND 35 0.65 0.14 3.2.5 73.78 
3353' 2441 273 Q 14 0.02 32 0.77 0.13 3.85 6852 
"20 cc of MIL-P-26536B hydruine. 
'40 cc of -75 punfed hydrazine. 
ND = none detected. 
37 
3 
1 1 .  3 Z E  = z  
(Y 
OD 
ri 
f 
d 
P 
d 
0 
m '1 
v) 0 m 
d 2 m el CI 
v) 
v) 
d 
I I B 4 c c w w m 3 Gj 2 I 
9 
V 
9 9  a 
v u  
i s $ d  m r n  W 8 W 
x m m x m 0 
m 
OD 
$ 
x z 
OI 
OI 
f 
r- 
(Y 
2 
m 
v) m
m r- 
2 
h v) 
.f 
2 
CI 
W 
2 .. rl 
38 
s 
39 
o - m m o m a g -  
m o o r r d r n u 0 8  
d d d d d d d d d  
V V 
. .  
c 
0 
t a
.I 
a i  
P 
40 
n 
2 
2 2  z z  
z! S N  
I- 
d d  
2 
d 
00 
d 
d 
‘f! .- 
E 
t! 
n 
0 
5: 
i2 
8 
b e 
8 
0 
2 
.- e 
0 
m .- 
B 
0 z 
m a z 
3 
a 
d u 
N 
5 
PI 
U 
0 
f 
m 
z z  P 
m 
3 
O N  
0 0  
2 2  
8 e  
d o  
V 
= Y  d -  
41 
8 
ci 
V 
v! 
@ 
M a w 
Y 
L u 
X 
7 
SL 
I- n 
5 
n 
.o 
0 
R 
m z o :  0 
V 
4 2  
n z 
c.) 
ci 
8 8  
d d  
N 
9; 
b e 
[i 
0 
t 
> 
U 
5 
3 
4 3  
s 
2 c .- 
C 
I 
In U- 
3 n
e 
VI 
- E 
m s 
U 
8 
i 
P 
r; 
3 
P) - * c 
U 
0 
d 
44 
N 
2 m 
0 x 
0 
(rl 
d 
Y 
0 
0 
Q z 
r- 
m 
Q 
2 
m 
2 m 
d 
rg 
d 
0" 
d 
Y 
el 
0 
8 
d 
V 
-.I 
0 
d 
.I 
0 
V 
d 
- 
0 
d 
Y) 
0 
z! 
4; 
0 U
w : 
3 
2 
Y 
0 n 
45 
Appendix D 
Scanning Electron Microscope Examination 
of Specimens 
These photomicroqaphs show typical 
surface appearances after exposure to 
propellant, 
PRECEDING PAGE BLANK NOT FILMED 
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ORIGINAL PAOE 99 
OF POOR QUALIW 
Surfaces Exposed to Nitrogen Tetroxide 
Fig. D-1. Specimen 0018,6061-T6AI, 500X. Unbroken surface film 
Fig. D-2. Specimen 0016,6061-T6AI, 500X. Cracked and flaking film 
. .  
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ORtGINAL PAGE 1s 
OF PaOR QUALIW 
Surfaces Exposed to Nitrogen Tetroxide 
Fig. D-3. Specimen 1130,304L. heat affected LOIW, 5OOX. Thin, irregular film 
Fig. D-4. Specimen 0896, Ti6AI4V, 5OOX. Thin, inrgulrr film, 
minor cracking and pitting 
49 
QWEPNAB. PAGE 
OF POOR QUALITM 
Surfaces Exposed to Monomethylhydrazine 
Fig. 0-5 .  Specimen 1499,6061-T6AI, 500X. Thin film with cracking 
and flaking 
Fig. D-6. Specimen l527,304L, 500X. Unbroken surface film 
50 
Surfaces Exposed to Hydrazine 
Fig. 0-7. Specimen 0073.2014-16AI. 5ooX. Thin-to-moderate film 
showing evidence of erosion, not surface pitting 
Fig. D-8. Specimen 3155.304L. 500X. Surface virtually untouched . 
51 
Surfaces Exposed to Hydrazine 
Fig. D-9. Specimen 1975, 347, 500X. Corrosion a t  area of highest stress 
Fig. D-10. Specimen 0191, Ti6AI-4V. 500X. Unbroken surface film 
52 N*S*--JPL--Cgnl.. L A ,  Wit. 
